A strictly aerobic, Gram-stain-positive actinobacterial strain was isolated from a rhizosphere soil of a wild plant (Peucedanum japonicum Thumb.) collected on Mara Island, Jeju, Republic of Korea. Cells of strain T were oxidase-negative, catalase-positive, short rods and motile by means of a polar flagellum; the colonies were orange, circular, smooth and convex. meso-Diaminopimelic acid and glucose were the diagnostic diamino acid in the cell wall and the whole-cell sugar, respectively. The major menaquinone was MK-9(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, two unknown phospholipids and an unknown lipid. The major fatty acids were iso-C 15 : 0 , iso-C The genus Angustibacter was proposed by Tamura et al. (2010) for encompassing Gram-positive, non-motile, facultatively anaerobic, catalase-positive coccoid-to rodshaped bacteria and at the time of writing contained only the type species, Angustibacter luteus. The sole member of the genus is chemotaxonomically distinguished by the possession of meso-diaminopimelic acid (DAP) as the diagnostic diamino acid in the cell-wall peptidoglycan, galactose, glucose and ribose as the whole-cell sugars, MK-9(H 4 ) as the major menaquinone, a DNA G+C content of 70.9 mol% and polar lipids including diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside. The cellular fatty acids are a complex mixture of straight-chain saturated, monounsaturated and iso-and anteiso-methyl-branched acids, with iso-C 17 : 0 , iso-C 15 : 0 and C 16 : 0 as the major fatty acids. In a phylogenetic analysis based on 16S rRNA gene sequences, the genus was loosely related to members of the suborders Kineosporiineae and Micrococcineae. The aim of this study was to describe the taxonomic status of a novel actinobacterial strain recovered from a soil adhering to a root of a wild plant by using a polyphasic approach.
The genus Angustibacter was proposed by Tamura et al. (2010) for encompassing Gram-positive, non-motile, facultatively anaerobic, catalase-positive coccoid-to rodshaped bacteria and at the time of writing contained only the type species, Angustibacter luteus. The sole member of the genus is chemotaxonomically distinguished by the possession of meso-diaminopimelic acid (DAP) as the diagnostic diamino acid in the cell-wall peptidoglycan, galactose, glucose and ribose as the whole-cell sugars, MK-9(H 4 ) as the major menaquinone, a DNA G+C content of 70.9 mol% and polar lipids including diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside. The cellular fatty acids are a complex mixture of straight-chain saturated, monounsaturated and iso-and anteiso-methyl-branched acids, with iso-C 17 : 0 , iso-C 15 : 0 and C 16 : 0 as the major fatty acids. In a phylogenetic analysis based on 16S rRNA gene sequences, the genus was loosely related to members of the suborders Kineosporiineae and Micrococcineae. The aim of this study was to describe the taxonomic status of a novel actinobacterial strain recovered from a soil adhering to a root of a wild plant by using a polyphasic approach.
During a study on the actinomycete diversity of rhizosphere soil of a wild plant, strain T was isolated from a soil of loamy sand adhering to a root of a wild plant (Peucedanum japonicum Thumb.) collected on Mara Island, Jeju, Republic of Korea. Soil samples were diluted by consecutive tenfold dilutions with sterile distilled water and aliquots (100 ml) of the dilutions were transferred onto starch-casein agar medium (l 21 ; pH 7.2): 10 g soluble starch, 0.3 g casein, 2 g KNO 3 , 2 g NaCl, 2 g KH 2 PO 4 , 0.02 g CaCO 3 , 0.05 g MgSO 4 . 7H 2 O, 0.01 g FeSO 4 . 7H 2 O and 18 g agar. The agar plates were incubated for 6 weeks at 30 u C and a tiny, orange colony was subcultured on ISP (International Streptomyces Project) 2 medium (Shirling & Gottlieb, 1966) . The pure culture was maintained as a 20 % (v/v) glycerol suspension at 220 u C and 280 u C. For phenotypic comparison and DNA-DNA hybridization, A. luteus KACC 14249 T was grown on ISP 2 medium.
Unless specified otherwise, physiological and biochemical tests were performed using ISP medium 2 as the basal medium. Growth was examined at temperatures of 4, 10, 20, 30, 37 and 42 uC, at pH 4.0-10.0 (at intervals of pH 1.0 unit) and at NaCl concentrations of 1-9 % (w/v) at intervals of 1 %. Gram stain, catalase and oxidase activities, nitrate reduction, H 2 S production, aesculin hydrolysis, urea degradation and gelatin liquefaction were tested according to the method of MacFaddin (1980) . Hydrolysis of casein and cellulose were determined on ISP medium 2 supplemented with 1 % (w/v) skim milk and 0.5 % (w/v) carboxymethylcellulose (Sigma), respectively. Decomposition of hypoxanthine, DL-tyrosine and xanthine were tested as described previously (Gordon et al., 1974) . DNA hydrolysis was determined by using DNase test agar (Difco). Acid production from carbohydrates was determined by using Bacto OF basal medium (Difco) including each filtersterilized compound at a final concentration of 1 % (w/v).
Other physiological and biochemical properties were examined using API ZYM and API CORYNE strips (bioMérieux) according to the recommendations of the manufacturer. Acid production from various substrates was tested using API 50CH strips (bioMérieux), which were incubated for 14 days at 30 u C. For maintaining anaerobic conditions, mineral oil was filled in each well at 3 day intervals. All of the API tests were performed twice using independent cultures of strain RS-50 T and A. luteus KACC 14249 T . Cell morphology and motility were observed by using phase-contrast ( JP/SE-D8; Nikon) and transmission electron (JEM 1010; JEOL) microscopy. Colony morphology and pigmentation were observed using the culture grown on ISP medium 2 for 5 days at 30 u C.
Cells of strain RS-50
T were Gram-stain-positive, aerobic, non-spore-forming, motile rods (Fig. 1) . Colonies of the cells were orange-coloured, circular, smooth, convex, entire and reached 0.2-0.5 mm in diameter after incubation for 5 days. Data for physiological and biochemical properties are given in the species description.
Genomic DNA was extracted and purified as described by Hopwood et al. (1985) . The 16S rRNA gene of strain T was amplified by PCR (Lee et al., 2000) and sequenced with an automatic DNA sequencer (3730xl; Applied Biosystems) using an ABI PRISM BigDye Terminator cycle sequencing kit (Applied Biosystems). Multiple alignments of the sequences and phylogenetic analyses were performed using the CLUSTAL_X program (Thompson et al., 1997) and several programs of the PHYLIP software package (Felsenstein, 2008) , respectively. A neighbour-joining tree (Saitou & Nei, 1987) was developed using evolutionary distance matrix calculated by the model of Jukes & Cantor (1969) . A bootstrap analysis (Felsenstein, 1985) was performed with 1000 neighbour-joining datasets.
The partial 16S rRNA gene sequence (1430 nt) of strain T was determined in this study and subjected to preliminary BLAST search against all GenBank entries. Strain T showed maximum 16S rRNA gene sequence similarity (.99.0 %) to the recently described taxon, A. luteus. Among other recognized species, binary similarity values ,95 % were found with representatives of the suborders Kineosporiineae, Frankineae and Micrococcineae (particularly, the family Intrasporangiaceae). The 16S rRNA gene sequence of strain T was aligned with the corresponding sequences retrieved from GenBank entries and was manually optimized according to the secondary structure of Escherichia coli sequence (Brosius et al., 1978) . In a phylogenetic tree ( Fig. 2 ) based on 16S rRNA gene sequences, strain RS-50
T formed a tight cluster with A. luteus TT07R-79 T , which was supported by a bootstrap value of 100 % and was also found in trees obtained by the maximum-likelihood and maximum-parsimony algorithms. This cluster occupied the intermediate position between representatives of the suborder Micrococcineae and the suborder Kineosporiineae in neighbour-joining and maximum-parsimony phylogenetic trees but belonged to the suborder Kineosporiineae in a maximum-likelihood phylogenetic tree (data not shown). Strain RS-50 T showed the highest sequence similarity (99.2 %) to A. luteus TT07R-79 T . Among members of the suborders Kineosporiineae and Micrococcineae, the highest sequence similarities to strain RS-50 T were found with Kineosporia rhamnosa JCM 9954 T (94.6 %), Kineococcus xinjiangensis S2-20 T (94.2 %) and Kineosporia mesophila YIM 65293 T (94 %) in the family Kineosporiaceae, the suborder Kineosporiineae and Oryzihumus leptocrescens KV-656 (94.5 %), Lapillicoccus jejuensis R-Ac013 T (94.3 %) and Ornithinicoccus hortensis HKI 0125 T (94.2 %) in the family Intrasporangiaceae, the suborder Micrococcineae.
Biomass for chemotaxonomic analyses was obtained from cells grown in ISP 2 broth incorporating 0.4 % yeast extract, 1.0 % malt extract and 0.4 % glucose (pH 7.2). For determining the isomer of diaminopimelic acid in the cell wall peptidoglycan, lyophilized cells were hydrolysed with 6 M HCl as described by Staneck & Roberts (1974) . Derivatization of amino acids in whole-cell hydrolysates were performed with AccQFluor Reagent (Waters) according to the manufacturer's instructions. meso-DAP was the diagnostic diamino acid in cell-wall peptidoglycan, as analysed by reverse-phase high-performance liquid chromatography (HPLC) (2690, Waters). Whole-cell sugars were analysed by thin layer chromatography (TLC) as described by Becker et al. (1965) , revealing glucose as the characteristic sugar. Respiratory quinones were analysed by HPLC (Kroppenstedt, 1985) , showing that the major menaquinone of strain RS-50 T was MK-9(H 4 ) (88 %). Small amounts of MK-9(H 0 ) and MK-9(H 2 ) were also detected. The polar lipids, as analysed by TLC (Minnikin et al., 1977) , contained major amounts of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside (Fig. S1 , available in IJSEM Online). In addition, two unknown phospholipids and an unknown lipid were detected as minor components. Mycolic acids, as determined by the method of Minnikin et al. (1980) , were not present. The DNA G+C content of strain RS-50
T was 73.6 mol%, as determined by HPLC (Mesbah et al., 1989) .
For cellular fatty acid analysis, strain RS-50
T and A. luteus KACC 14249
T were grown on ISP 2 medium and nutrient agar (NA; Difco) for 5 days at 30 u C. Fatty acid methyl esters (FAMEs) were prepared and analysed according to the instructions of the Sherlock Microbial Identification System and each peak was identified using the TSBA 6.1 database. Before the preparation of FAMEs, the identities of both strains were checked by 16S rRNA gene sequencing.
Each strain showed a consistent pattern according to the culture medium used. Strain RS-50 T displayed a consistent pattern irrespective of culture media used; the major fatty acids were iso-C 15 : 0 (23.1 % on ISP 2 medium and 25.2 % on NA), iso-C 16 : 0 (10.9 % and 22.4 %), anteiso-C 15 : 0 (9.1 % and 10.8 %) and anteiso-C 17 : 0 (16.4 % and 13.6 %). The predominant fatty acids of A. luteus KACC 14249 T were iso-C 15 : 0 (10.2 % on ISP 2 medium and 25.4 % on NA), iso-C 16 : 0 (12.9 % and 21.6 %) and iso-C 17 : 1 v9c (12.9 % and 14.4 %), which were considerably different from previous results (Tamura et al., 2010) which included C 16 : 0 , iso-C 15 : 0 and iso-C 17 : 0 as the major components. The discrepancies in data from this study and previously published results may be caused by the difference in the physical state of culture medium used and analytical conditions. Also, A. luteus KACC 14249 T contained C 17 : 1 v9c (11.5 %) as an additional major fatty acid on ISP 2 medium. The cellular fatty acid profiles of strain RS-50 T and A. luteus KACC 14249 T are given in Table 1 . Strain RS-50 T can be clearly differentiated from A. luteus KACC 14249 T in that it contained anteiso-branched fatty acids (anteiso-C 15 : 0 and anteiso-C 17 : 0 ) as the major components and lacked C 16 : 1 2-OH irrespective of the culture media used.
DNA-DNA hybridization experiments were performed to determine the relatedness of strain RS-50 T to A. luteus KACC 14249
T . Genomic DNA was extracted and purified by the method of Hopwood et al. (1985) . DNA-DNA hybridization was analysed using photobiotin-labelled DNA probes as described by Ezaki et al. (1989) and DNA-DNA relatedness was fluorometrically determined as described by Lee et al. (2011) . DNA-DNA relatedness value between strain RS-50 T and A. luteus KACC 14249 T was 22.3±0.9 %, lower than the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . Strain RS-50 T can be differentiated from A. luteus KACC 14249 T by the phenotypic characteristics shown in Table 2 . The cells of strain RS-50 T were motile and grew at 37 u C and in the presence of 3 % (w/v) NaCl, in contrast to the cells of A. luteus KACC 14249 T . The isolate was further differentiated from A. luteus KACC 14249
T by some of the enzyme activities and acid production from various substrates ( Table 2 ). In our study using API strips, A. luteus KACC 14249 T showed responses different from the results reported by Tamura et al. (2010) in the following tests: acid production from L-arabinose, glycogen, D-fucose and 5-ketogluconate (API 50CH) and enzyme activities such as pyrazinamidase (API CORYNE), esterase (C4), valine arylamidase and naphthol-AS-BI-phosphohydrolase (API ZYM).
On the basis of the phenotypic features and DNA-DNA hybridization data, strain T is considered to be a novel species of the genus Angustibacter, for which the name Angustibacter peucedani sp. nov. is proposed. The description of the genus Angustibacter (Tamura et al. 2010 ) is emended as follows. Cells are motile or nonmotile. Facultatively anaerobic or aerobic. Contains anteiso-methyl-branched fatty acids as the major cellular fatty acid components; the presence of 10-methyl-branched and hydroxyl fatty acids is variable depending on the species. The DNA G+C content is 70.9-73.6 mol%.
Description of Angustibacter peucedani sp. nov.
Angustibacter peucedani (peu.ce9da.ni. L. n. peucedanum the plant hog's-fennel or sulphurwort and also a botanical Table 2 . meso-DAP and glucose are the diagnostic diamino acid in the cell wall and whole-cell sugar, respectively. The polar lipids contain diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, two unknown phospholipids and an unknown lipid. Mycolic acids are not present. The major cellular fatty acids are iso-and anteiso-methyl branched fatty acids, with the major components being iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 . The predominant menaquinone is MK-9(H 4 ).
The type strain, RS-50 T (5KCTC 19628 T 5DSM 45329 T ), was isolated from a soil adhering to a root of a wild plant (Peucedanum japonicum Thumb.) collected on Mara Island, Jeju, Republic of Korea. The DNA G+C content of the type strain is 73.6 mol%.
